Droughts are current challenges to the economic, social and environmental development of a region, as reflected in European Union (EU) water policies. In addition, the impacts of droughts can be aggravated by climate change effects, adding pressure to already water stressed areas in the EU. This paper presents a general overview of drought management policies in the EU and in Spain. The paper studies the specific case of Spain, where drought management policies have evolved from traditional emergency actions to Drought Management Plans (DMPs). Historical droughts and the main drought episodes occurring over the last 30 years in Spain, together with the actions taken and the effects produced, are analysed. The National Indicator System for Droughts has played a significant role in drought management since 2005, serving to declare drought situations, and also to apply measures and actions to be carried out by the Spanish Administration. In addition, DMPs for all River Basin Organisations (RBOs) were approved in 2007, and they have represented strategic tools with positive results in drought impact mitigation and have stressed the importance of public participation in the decision-making process for drought events. These plans must be updated in 2017 and are now being revised, taking into account the experience acquired since their approval.
Introduction
Water is a strategic resource for the economic, social and environmental development of a region. However, droughts are current challenges to this development. Droughts are a relevant temporary decrease of the average water availability, refer to important deviations from the average levels of natural water availability and are considered natural phenomena (European Commission, 2007a) . Although by itself a drought is not a disaster, whether it becomes one depends on its impacts on society and the environment (Wilhite & Buchanan-Smith, 2005) .
The impacts produced by droughts are numerous. Water supply to populations may be affected, irrigated crops can have severe restrictions and river ecosystems may suffer the consequences of low river flows, among other problems. The duration and related impacts of droughts can greatly vary in different countries. While in those countries lacking water storage infrastructures, where water supply is directly dependant on rainfall, a decrease in rainfall during some months can become a drought, in other countries with enough storage infrastructures, the greatest impacts occur when there are consecutive water deficits for longer periods of several years. The effects of droughts can be aggravated when occurring in regions already presenting low water resources levels, with imbalances between available resources and water demands (European Environment Agency, 2001 ).
In addition, it is expected that climate change will produce negative direct impacts on the available water resources in the most vulnerable European Union (EU) regions (Intergovernmental Panel on Climate Change, 2007) . Furthermore, some extreme weather events have increased, with more frequent heat waves, forest fires and droughts in southern and central Europe (European Commission, 2013) . However, although the expected impacts of climate change on water resources are negative, the Intergovernmental Panel on Climate Change (2014) concluded that 'there is low confidence in observed global-scale trends in droughts, due to lack of direct observations, dependencies of inferred trends on the choice of the definition for drought, and due to geographical inconsistencies in drought trends'.
Traditionally, most countries have responded to drought situations with efforts mainly directed at providing water and food and to mitigating economic and environmental impacts. In the last few years, these policies have been changing all over the world. Following droughts impacts in the past few years, some EU Member States have moved from a crisis management approach to drought risk management and the associated measures often result in comprehensive drought risk management plans with water stress area mapping, alert levels, warning systems, etc. Stringer et al. (2009) concluded that further efforts to integrate local adaptation strategies within adaptation policies to climate change, climate variability, drought and desertification could increase local resilience to environmental change in different countries in southern Africa. The National Drought Programme PRONACOSE (Federman et al., 2014) in Mexico has focused on reducing vulnerability through the implementation of planned preventive actions under a comprehensive and participative approach. Kampragou et al. (2011) referred to the importance of engaging risk assessment and management practices and identified policy gaps and requirements for further improvement of a drought management policy framework at all levels of governance -at EU, national and river basin levels. Wilhite et al. (2014) stated that 'the time for adopting drought risk reduction approaches is now, given the spiralling impacts of droughts in an ever-increasing number of sectors and the current and projected trends for the increased frequency, severity and duration of drought events in association with a changing climate'.
In the EU, relevant policy tools have been developed in the last years which include, among their objectives, fighting the negative effects of droughts. Some examples of these tools are the Water Framework Directive (WFD) 2000/60/EC, the Communication 'Addressing the challenge of water scarcity and droughts in the European Union' (European Commission, 2007b) , the 'Blueprint to Safeguard Europe's Water Resources' (European Commission, 2012) and the Communication 'An EU strategy on adaptation to climate change ' (European Commission, 2013) .
Spain is an EU country which has a high irregularity in the temporal and spatial distribution of water resources, and many areas are affected by water scarcity and frequent droughts (Ministerio de Medio Ambiente, 2000) . The implementation of policies and actions such as the development of an indicator system on a national scale, the implementation of Drought Management Plans (DMPs) in River Basin Organisations (RBOs), and the implication of users and other interested parties, are minimising socioeconomic and environmental drought impacts (Ministerio de Medio Ambiente, 2008) . Most of these policies have their origin in the severe drought which occurred in Spain between 1991 and 1995, described below. Its high economic, social and environmental impacts served to raise awareness about the need for which administrations considered drought as a normal and recurring fact of climate in Spain, shifting drought management policies from risk/management actions to a planned approach.
This paper examines first the status of implementation of the recent policies and actions on drought management carried out in the EU and in Spain. Then, drought events and main impacts in Spain are described, including historical drought events and the most recent droughts corresponding to the periods 1990-1995 and 2004-2008 . Next, the paper describes the objectives and current status of the DMPs elaborated by the Spanish RBOs as well as the National Drought Indicator System. The last issue raised in the paper concerns the main measures applied in Spain to deal with droughts, within the framework of the DMPs.
Drought management policies in the EU
Drought episodes have occurred repetitively in Europe over the past centuries. More recently, drought events have been analysed. The data provided by EU Member States have made it possible to estimate the direct economic impact of drought events over the past thirty years at a minimum of €100 billion (1,000 million) and even this figure is an underestimate of the overall impact on the economy. The annual economic impact due to droughts is estimated to have doubled between 1976-1990 and 1991-2006 , reaching an annual average of €6.2 billion from 2001 to 2006 (European Commission, 2007b .
EU water policy developments are essentially linked to the implementation of the EU WFD, which requests EU Member States to develop a robust integrated water resources management system in Europe, built upon the principles of river basin planning (Quevauviller, 2014) . The directive is very demanding in terms of the fulfilment of environmental objectives. However, a temporary deterioration of the status of water bodies will not be considered a breach of the WFD requirements if it is the result of natural circumstances or 'force majeure', such as a prolonged drought, when some conditions have been met (Estrela et al., 2006) . Nevertheless, it should be noted that it is not always easy to separate natural circumstances from others. This is the case, for instance, in areas that use groundwater resources from overexploited aquifers.
Unlike floods, for which a specific Directive was adopted in 2007, droughts are not yet the subject of EU law. However, increasing drought trends in multiple EU regions over the last decades have led the European Commission, Member States, scientists and stakeholders to reflect upon specific measures that should be taken to better manage drought risks and impacts. This is particularly reflected by the 'Water Scarcity and Drought' Communication (European Commission, 2007b) and by the 'Blueprint to Safeguard Europe's Water Resources' (European Commission, 2012) .
The above-mentioned 'Water Scarcity and Drought' Communication underlines that water conservation must become the priority, and that all possibilities to improve water efficiency must be explored prior to increasing supply. In addition, it states that policymaking should be based on a clear water use hierarchy established through participative approaches. The communication lists possible measures to cope with water scarcity and droughts and recommends the development of DMPs, shifting from a risk/emergency to a planned drought management approach . This shift has become evident in other areas such as the United States (Wilhite et al., 2000) . The communication also supports establishing a European drought strategy, considers using European funds when suffering prolonged droughts, and proposes establishing a European drought observatory (EDO).
Within the Common Implementation Strategy of the WFD, in 2007 the European Commission elaborated a technical report, the 'Drought Management Plan Report, including agricultural, drought indicators, and climate change aspects' (European Commission, 2007a) , the main objective of which was to be a useful tool to elaborate DMPs in EU Member countries providing general criteria, structures, and recommended measures.
The third Follow up Report (European Commission, 2011) to the above-mentioned European Commission Communication gave further details on the extent of water scarcity and droughts in the EU and the measures being put in place to address both situations. According to this report, activities to integrate water scarcity and droughts into sector policies have been undertaken by several Member States, in particular efforts to reduce water consumption and adaptation to climate change. Most Member States (except the United Kingdom, Spain and Belgium) did not envisage setting up water markets to address water scarcity, and a relevant point highlighted in the report is that the prototype of the EDO had already been developed.
The EDO was established by the Joint Research Centre of the European Commission as part of ongoing efforts to integrate droughts into water policy. The main purpose of the EDO is to enhance the knowledge of droughts using efficient alert systems which are an essential dimension of risk management and improve the drought preparedness of the relevant authorities. Since 2011, the EDO has been the leading disseminator of drought-relevant information and maps of indicators derived from a range of different data sources, including precipitation measurements, satellite measurements and modelled soil moisture content. The EDO integrates relevant data and research results, drought monitoring, detection and forecasting on different spatial scales, from local and regional activities to a continental overview at the EU level. The EDO produces reports about severe drought events detailing the situation to better inform policymakers (Stein et al., 2016) .
The 'Blueprint to Safeguard Europe's Water Resources' (European Commission, 2012) outlines actions that concentrate on a better implementation of current water legislation, the integration of water policy objectives into other policies, and filling the gaps in particular as regards water quantity and efficiency. Its main objective was to ensure that a sufficient quantity of good quality water is available for people's needs, for the economy and the environment throughout the EU. The assessment and prevention of drought damages resulting from these new policies are a key issue for EU Member States, as they are derived from the WFD.
In the last few years, different studies have been developed that will help to bridge the important knowledge gaps on water scarcity and droughts in the EU. These studies are being incorporated into a Policy Review of the Strategy for Water Scarcity and Droughts, which is part of the 'Blueprint to safeguard European waters' and cover, among others, the following areas: resource and economic efficiency of water distribution networks in the EU; assessment of water scarcity and drought aspects in a selection of EU River Basin Management Plans; GAP analysis of water scarcity and droughts; buildings and water efficiency; leakage reduction in water distribution networks; activities to halt desertification in Europe; water footprinting and product labelling; and water use in agriculture, including water pricing and water saving. In addition to these studies, the most recent works within the WFD's Common Implementation Strategy are focusing on further developing water scarcity and drought indicators that could be commonly used by Member States, and on a policy review and assessment of EU-related strategy to be integrated into the 'Blueprint to safeguard European Waters'.
At EU level, drought policy objectives outline three issues: promoting risk management policies, promoting drought preparedness and mitigation and planning measures, and consideration of financial assistance tools (Wilhite et al., 2014) . Risk management approaches including the characterisation of drought episodes, risk indicators' development, identification, selection and prioritisation of measures to alleviate the effects of droughts or the analysis of the role of economic instruments for risk mitigation, are needed and are now being developed in the EU (Iglesias et al., 2009) . Ensuring transparent public participation processes, agreements among the interested parties, collaboration among the water administrations as well as active participation, will be essential elements to guarantee the successful application and follow-up of DMPs (Nelson et al., 2008) . In-depth guidance on how to undertake or evaluate participation will also be needed. Table 1 shows how the advances that have occurred in the planning and management of droughts in the EU have been very important in recent years and have contributed to reaching these objectives, especially since the adoption of the EU WFD at the beginning of this century, in 2000.
Drought management policies in Spain
Spain is an EU country characterised by a high temporal and spatial variability in water resources, with important areas experiencing water scarcity and long periods of droughts. Mean annual precipitation is about 670 mm/year, varying from 2,200 mm in northern areas to 120 mm in the South-East (Figure 1 ). Similarly to rainfall, a high variability in runoff distribution occurs. The mean annual runoff is about 220 mm/year varying from 50 mm/year (south-eastern areas of Spain, La Mancha and Canary Islands) to more than 800 mm/year (Northern areas and some mountainous areas). Total renewable water resources in Spain are about 110,000 hm 3 /year, varying from 50,000 hm 3 /year in the driest years to almost 200,000 hm 3 /year in the wettest years. Spain has a population of 46.5 million inhabitants (in 2015), mainly concentrated in the largest cities (Madrid, Barcelona, Valencia, Seville…) and in the coastal areas. Coastal economic and tourist development, coupled with highly productive agriculture, have caused the highest water demands to occur in areas where available water resources are scarce. The mean annual water demand in Spain for consumptive uses is about 31,122 hm 3 /year. This total demand is distributed per sector as follows: 25,049 hm 3 / year (80%) for irrigation, 4,842 hm 3 /year for urban uses (16%) and 1,231 hm 3 /year (4%) for industrial purposes (DGA-CEDEX, 2016) . This distribution shows the importance of water demand for irrigation in Spain.
The high variability in water resources, the water scarce areas and frequent drought episodes in Spain explain, in part, the ancient building tradition of hydraulic works. The spatial and time variability of water resources has made the construction of numerous hydraulic works necessary to adequately meet water demands. Spain is the ninth country in the world in terms of number of dams, with approximately 1,200. The current capacity of its reservoirs is 56,000 hm 3 , i.e. ten times the capacity of the mid20th century (in 1950) .
On the other hand, since the mid-20th century the intensive use of groundwater in the south-eastern areas has allowed the extension of traditional surface water irrigation, taking advantage of good soils and climate, and fostering great economic and social development. Groundwater mining produces benefits but these benefits are sometimes also associated with serious economic, administrative, legal and environmental problems (Custodio et al., 2016) . Spain is rich in groundwater and fortunately the major aquifers are located in regions where water shortages are greater, which to some extent allows drought effects to be coped with by using groundwater. Today, most natural water resources are already regulated by large dams and groundwater is highly exploited in many areas. A significant increase of conventional water resources is therefore not foreseen in the future. In the areas most vulnerable to water scarcity, non-conventional water resources, such as treated wastewater or sea water desalination, arise as supplementary or alternative resources. Wastewater reuse increases the guarantee of a water supply in the most water stressed areas near the coast. Seawater desalination is currently helping to meet water demands along the Spanish Mediterranean coast and the Balearic and Canary Islands. At present, about 3.5 million m 3 of desalinated water are produced daily, making Spain the fifth largest producer in the world.
These water balance issues can worsen due to climate change impacts. These impacts were recently assessed by the Centre for Hydrographic Studies of CEDEX (2012) for the whole Spanish territory. The projections for the A2 scenario lead to reductions in runoff in Spain of 8% for the period 2011-2040, 16% for the period 2041-2070 and 28% for 2071-2100. The reductions for the B2 scenario are lower, at 8%, 11% and 14%, respectively. These and other similar studies show that the runoff reduction varies strongly depending on the region; the largest decreases take place in the river basins located in the southern area of Spain .
Droughts are considered a recurring phenomenon in Spain, which coupled with the scarcity of resources in some areas of the country and the effects of climate change, make it difficult to meet water demands and to comply with the environmental requirements in rivers and wetlands in these periods. Drought management can be carried out (a) as an emergency situation, which can be faced with extraordinary water resources and measures and (b) as an element of general water planning and management, which means that a risk analysis must be carried out to assess its probability of occurrence and measures to be applied must be planned ahead. In Spain, as in the majority of the EU countries, droughts have been traditionally managed according to the first approach, although since the entry into force of the National Hydrological Plan Act in 2001 both approaches have been used and, furthermore, experiences show a shift to the planning approach.
In 1985, the Spanish Water Law established that during exceptional drought circumstances adequate measures could be adopted to overcome these situations through decrees issued by the Government. Years later, in 2001, the National Hydrological Plan Law set the basis for a more planned drought management. According to this Law, the Ministry of Environment would establish a national hydrological indicator system that would allow drought situations to be foreseen and serve as a general reference to the river basin authorities for the formal declaration of droughts. This Law also rules that river basin authorities should develop DMPs.
Four years later, a general Guidelines Document was elaborated by the Spanish Ministry of Environment (Ministerio de Medio Ambiente, 2005) for the development of DMPs. The goal of this document was to establish the coordination criteria about the scope, content and methodology of the elaboration of DMPs by RBOs.
During the 2004-2008 drought, several Royal Decree-Laws, Royal Decrees and Ministerial Orders affecting large areas of Spanish territory were approved. These regulations established a set of special measures for the management of water resources, empowering the RBOs, through their Governing Boards, to reallocate existing water resources, to modify the economic regime of the Water Law, including fee exemptions, and to develop emergency works for the mitigation of the negative effects of droughts.
In 2005, the Spanish Drought Observatory was established on the web page of the current Ministry of Agriculture, Food and Environment, including the National Drought Indicator System. This observatory integrates information coming from all Spanish water administrations with competences in the field of water, in order to constitute a centre of knowledge, forecast, mitigation and monitoring of drought effects in the Spanish territories.
Later, while the 2004-2008 drought developed in large areas of Spain, the RBOs elaborated the DMPs, which were approved by Ministerial Order in 2007. The main objective of these plans was to minimise the environmental, economic and social impacts of droughts.
In January 2016, River Basin Management Plans were approved by Royal Decree 1/2016. This Royal Decree established that all the DMPs approved in 2007 should be reviewed before 31 December 2017.
As outlined in Table 2 , the progress made in the planning and management of droughts in Spain has been very important in recent years. It is very similar to the progress made in the EU, especially since the approval of the National Hydrological Plan Act in 2001, which coincided in time with the adoption of the EU WFD.
Stakeholder participation in water management in a drought context
Water management in a drought context is part of the Spanish Water Governance System, whose key aspects are: (a) legal certainty; (b) River Basin Authority; (c) users' corporations; (d) participative management; (e) hydrological planning; (f) technical and scientific knowledge; and (g) investment in hydraulic infrastructures.
The participative management carried out in RBOs is a key aspect of good governance to manage drought events. Figures 2 and 3 present stakeholder participation in the main water management issues as well as the real participation of users in the governing, management and planning bodies of Spanish RBOs. The figures show that the participation of users is very high in most RBO bodies, especially those concerning management, although greater participation from the economic, social and environmental sectors of society would be desirable. The criteria to appoint representatives for users and economic, social and environmental organisations in the different participation bodies within the RBOs are regulated by Royal Decrees. The Users' Assembly includes all the users in the basin and the representatives for each body are chosen amongst them.
In addition to these general bodies, stakeholders take part in commissions derived from the previous ones, as in the so-called Permanent Drought Commission, which is derived from the Governing Board of the River Basin Authority and whose main objective is drought management in water resources systems where a drought event has been declared. The Permanent Drought Commissions are formed by representatives of the Administrations and users with a right to speak and vote in the committee, and by representatives from the economic, social and environmental organisations with a right to speak. The Presidents of the River Basin Authorities are authorised to adopt as many measures as necessary for the efficient compliance of the agreements approved by the Permanent Commission. The creation and composition of these commissions has been carried out through the approval of Royal Decrees by the Government.
One of the key aspects of participative water management is the appropriate integration of users. This participation takes place through participative bodies with user representation, in charge of promoting consensus with regards to objectives, challenges, strategies, policies, programmes, projects and actions between the institutional water authorities and duly accredited water users. The real representativeness of users should be highlighted at this point, since it is an important basis in order to understand the quality of their participation in the management. In Spain, users are appointed to be part of the Users' Assembly and the management committees using only hydraulic criteria, as they are chosen based on types of use in the basins, regardless of political divisions. To some extent this guarantees their independence from political interference and the effective representation of sectoral interests. Moreover, Spanish users have a wide scope of self-management with regards to water. In fact, their users' associations have legal standing, are considered public water administrations within the Spanish Water Governance System and have water administration and management competences, even for inspection, sanction and budget management. The participation of stakeholders other than national/regional authorities in water management does not eliminate the fundamental role of these authorities, but it does modify it: the national/regional executive power cannot act as sole manager or simply as an authority -it must lead the basin. Moreover, the government must still be able to intervene when the rest of the stakeholders cannot reach an agreement on the objectives or on how to fulfil them. This is particularly necessary in drought management, especially in water scarcity areas where there is a risk of the users acting against future generations (for instance, abstracting more water than what is ecologically sustainable). As a consequence of the shift in emphasis from command and control to negotiation and persuasion, governmental decision-makers must obtain a new set of skills. Alongside the typical management skills (planning, organising, staffing, directing, coordinating and budgeting), the skills of public decision-makers with regards to governance are activation, orchestration and modulation. These skills are essential to adequately manage drought situations. Table 3 shows the decentralisation and participation levels in the most important actions in the basin. Column 1 indicates who must carry out the competence: the central government or the basin organisation. Column 2 portrays the degree of possible participation: information to those interested, occasional consultation of their queries, agreed consultation (i.e. with structures that meet periodically) or codecision of those affected. Column 3 depicts whether the desirable transparency involves collective and/or individual decisions.
Although in Spain there is a long tradition where the role of the administration is to supply water for users, the experience of the Permanent Drought Commissions has shown that it really is possible to make users and environmental and social organisations sit around a table not only to distribute the available resources but also to develop actions from the demand side during drought periods.
Drought events in Spain
The study of historical drought events provides an understanding and explanation of current drought management in Spain. Next, a brief review of the main historical droughts that have occurred since the year 1200 is developed, focusing attention on the two most recent droughts: those corresponding to the periods 1990-1995 and 2004-2008 .
Historical droughts
Although the network of meteorological stations in Spain was not sufficiently dense and systematic until the 20th century, there are numerous historical references to droughts. A compilation of historical droughts identified by different authors from the 18th century to the present day in Spain was carried out by Álvarez-Rodríguez et al. (2008) , who concluded from records going back to the turn of the 19th century that droughts were more frequent, intense and persistent in the 1940s and from the 1980s to the present time. Recently CEDEX (2013) developed a catalogue of historical droughts in Spain, which includes droughts identified from three different types of historical information: reconstructed precipitation series, works and historical climatology papers by different authors, and, lastly, from dendrochronological analysis. The set of information covers an extended period dating back to hundreds of years B.C. in the case of the analysis of historical documentation, approximately 1,000 years in the case of the dendrochronological estimates and about 200 years when working with series of recorded rainfall. In this research, 'historical drought' refers to drought prior to the year 1940. From that year on, the volume of information available is considerably greater, which allows the identifying and characterising of droughts more accurately (CEDEX, 2013) . The catalogue collects historical information for about 184 drought events. The first drought with data took place around 1059 BC, affecting the Mediterranean area, while the last drought occurred in 1938-1939. Table 4 shows the major droughts that have affected Spain, which according to the criteria followed by the authors, are those which affected large areas, produced serious impacts and were identified in numerous bibliographical references (CEDEX, 2013) .
From 1940, the most serious droughts were concentrated in four periods: 1941-1945, 1979-1983, 1990-1995 and 2004-2008 . These two latest droughts are described below.
The 1990-1995 drought
During the 1990-1995 drought, 30% reduction in mean annual precipitation from the mean annual recorded in the period 1940/41-2015/2016 took place in large areas of Spain, especially in the Southern part of the country (Figure 4) . Consequently, reductions in runoff occurred in most of the Spanish territory, average 40% and up to 70% in the Guadiana and Guadalquivir river basins districts.
Restrictions in supply in the cities of Granada, Jaen, Seville, Malaga, Toledo, Ciudad Real and Puertollano were particularly severe, with up to 30% in some cases and 9 and 10 hours a day water cuts and 12 million people suffered drinking water restrictions (Ministerio de Medio Ambiente, 2008). Supply problems occurred even in cities where, in principle, it seemed difficult to imagine that lack of water would happen, such as Bilbao and Vitoria. The Andalucía regional government estimated its farmers' loss of income during this period of drought at €1,743 million. On the other hand, Martínez Cachá (2004) assessed the economic impact on irrigation at €81 million in all the provinces of Valencia, Castellón, Alicante, Murcia and Almeria, estimating the overall impact on employment at €329 million. The Guadalquivir RBO adopted a series of measures that included a ban on irrigation from 1993 to 1995. In the eastern part of the Guadiana river basin it was not possible to meet the demands of irrigation from 1992, a situation that was aggravated in 1995 when it was not possible to supply the required water to the population. Most frequent measures, in addition to the anticipated imposition of restrictions and special procedures of exchange between users, consisted of carrying out interconnection works between basins, the use of new groundwater resources and the exploitation of non-conventional resources. The first type included the installation of a large number of pipes to transfer alternative resources, increasing the flexibility of public water supply. Examples of this type of work are the connection between the lower Guadalquivir and Arcos-Bornos, transfer tunnels to the reservoir of Conception, or the diversion of the river Alberche to supply Madrid (Ministerio de Medio Ambiente, 2008) .
The search for new groundwater resources was carried out on a large scale. The city of Granada, for example, with a population of 300,000 inhabitants and a demand of about 34 hm 3 per year, was completely supplied from groundwater. In the metropolitan area of Madrid, which had a pumping capacity of about 4 m 3 /s (20% of the annual demand), a greater use of groundwater resources was also carried out. In the cities of Santander, Pamplona, Burgos, Segovia, Avila, Benidorm and Alcoy emergency supply to the population with groundwater took place, as well as in many other cities. In the Ribera del Júcar, a significant capacity of groundwater pumping was developed, although it was not used to its maximum capacity (100 hm 3 /year), while in Las Vegas in the Segura River Basin some 50 drills were made and users were authorised to open wells to save trees. To issue these authorisations, a specific regulation on drought wells was elaborated. In the Segura river basin alone, almost 2,000 well licences were processed and overexploitation increased by about 166 hm 3 /year (Ministerio de Medio Ambiente, 2008).
Royal Decrees 531/1992 and 134/1994 established a set of special measures for the management of water resources, empowering the RBOs, through their Governing Boards, so that they constitute the socalled permanent drought commissions. These commissions, among other duties, can reduce or suspend any water exploitation and force users to install adjustment devices for modulation and measurement in the irrigation canals, and can build small works considered as emergency measures.
During this drought period, previous plans specifically designed for this type of emergency were not developed. Various actions were implemented when the drought extended and its effects were most severe. In those four years, it transpired that a drought situation should not just be managed as an emergency because that answer is not adequate and sufficiently effective. The drought in 1990-95 provided experiences that resulted in what would be the future DMPs.
The 2004-2008 drought
The hydrological year 2004-2005 was the driest in the series of rainfall in Spain since 1947, with a value of annual precipitation 40% lower than the mean annual value. Rainfall was higher during hydrological year 2005-2006 but it was still lower than the average. By the end of [2005] [2006] , the status of the water reserves at reservoirs was lower than the value corresponding to the same date in the previous hydrological year. Already in the following hydrological year, 2006-2007, precipitation during spring was higher than the historical average, but in certain areas of the southeast of the peninsula, reserves were not enough to meet normal water demands. In the last year of the drought, in 2007-2008, the rainfall in Spain was marked at 16% below normal values. In this year, the drought situation was limited to the territories of the Southeast and South of Spain.
Water shortage in many areas of the country during the drought of 2004-2008 made it necessary to implement some instruments in order to manage drought. Different Royal Decree-laws and Royal Decrees were approved based on article 58 of the revised text of the Water Act, which in extraordinary drought situations results in the adoption by the Government of measures for overcoming such situations. The Ministry of Environment also approved several Ministerial orders.
The Royal Decree-laws have the status of Law because they result in Law amendments. The Royal Decree-laws approved during this drought allowed urgent measures for the regulation of transactions for water use rights to be taken. Royal Decree-Law 15/2005 authorised the exceptional use of the TagusSegura aqueduct for water trade between users of different river basin districts. The existence of this hydraulic infrastructure made possible the water reallocations during this drought period. Additionally, these Royal Decree-laws established fee exemptions creating economic advantages for users affected by water restrictions, who were exempt from payments for water use.
Royal Decrees, with less regulatory status than the Royal Decree-laws, put in place exceptional administrative measures for the management of water resources and the correction of drought effects, or urgent improvement and consolidation of irrigation works for water conservation. Through these Royal Decrees, the Governing Boards of the River Basin Authorities were authorised to temporarily modify the conditions of use of the public hydraulic domain, and particularly to: (a) reduce water supply; (b) modify priority criteria for resources allocation to different water uses, while respecting the priority of supply; (c) implement the substitution of licensed flows for those of other origin; (d) modify the conditions set in the discharge authorisations; and (e) temporarily modify allocations and reserves foreseen in the hydrological plans. The Royal Decrees also established the creation of Permanent Drought Commissions.
Additionally, these Royal Decrees contained different measures and emergency works to guarantee public water supply, mitigate negative effects on the irrigation sector or mobilise extraordinary resources. However, Urquijo et al. (2015) consider that the use of these exceptional instruments is not always justified, because drought is not always an extraordinary event and because often the implementation time frame of the water works included in the approved Royal Decrees exceeds the duration of the drought episode and, consequently, they consider that these types of measures should be included in ordinary water resources planning.
Finally, Ministerial orders, with lower regulatory status than previous, were used to modify territorial areas subject to Royal Decrees and Royal Decree-laws or to approve DMPs in the different RBOs.
Innovative measures were also put into practice during this drought period, which meant considerable water savings in the agricultural sector (Ministerio de Medio Ambiente, 2008) . Reductions of 50-60% for irrigation practices in the most critical areas were established (as shown in Figure 5 , where the reduction of volumes supplied to the traditional irrigation area of the Júcar River from 2005 to 2008 can be seen). In addition to this, water use rights exchanges were carried out, with farmers who renounced irrigating their lands during drought periods receiving an economic compensation from the River Basin Authorities or reallocating their water use rights among themselves, which ensured economic efficiency.
The drought effects also had an impact on the environment. In some areas, due to the low flows, there were episodes of mortality caused by the low water level in the reservoirs. Strong occasional storms in population centres resulted in important non-treated discharge, causing dissolved oxygen decrease in rivers (Ministerio de Medio Ambiente, 2008) .
During the drought period, actions to monitor and control the status of water bodies increased. It is common, in these situations, to abstract water from aquifers above their rates of renewability, which can negatively affect both aquifers and surface streams and connected wetlands. Specific monitoring and control was developed in the most vulnerable aquifers to these situations, such as the aquifers in the plain of Valencia, connected with the Albufera de Valencia Natural Park.
DMPs required by the National Hydrological Plan Act were developed during 2006 in all the Spanish RBOs. These plans were approved in March 2007 with the participation of stakeholders under the framework of a very complete participatory process. A public consultation process for the different plans was carried out. Suggestions and observations made by stakeholders were studied, answered and incorporated in the final version of the plans in each river basin. At the same time, a strategic environmental assessment was made, including the elaboration of the initial documents, the scoping and elaboration of the environmental sustainability report and its public consultation. Also, in compliance with the National Hydrological Plan Act, the National Drought Indicator System was developed.
Moreover, where mitigation of the effects of drought could not be reached only by management measures, emergency works were executed, exceeding a total of €650 million in the period [2004] [2005] [2006] [2007] . These were mainly focused on increasing water supply to agriculture through the modernisation of irrigation systems and improvement of domestic water supply, followed by the construction or upgrade of reservoirs and irrigation ponds, treated water reuse, desalination, wastewater treatment, environmental protection, groundwater wells and other infrastructures (Urquijo et al., 2015) .
The Ministry of Environment created an Experts Committee whose main objective was to evaluate the water scarcity situation and advise the Ministry on actions to develop in order to manage droughts. The Committee was formed from specialists in different subjects: water economy, water management, social communication, climatology and environment. Monthly follow-up reports on drought were drawn up and they enabled the adoption of the most appropriate measures in each situation. This drought's management, including the measures applied and their effects is extensively documented in a report elaborated by the Spanish Ministry of Environment (Ministerio de Medio Ambiente, 2008) . A comparison of the impacts of the droughts in 1991-1995 and 2004-2008, similar The environmental impacts were higher during the drought of 1991-1995 than during that of 2004-2008: i.e., whereas the middle section of the Júcar river, as it passes through the plain of La Mancha, dried up during the drought of 1991-1995, in 2004-2008 the exhaustive control of water use, reservoir management and the farmers' decision to reduce groundwater abstraction for irrigation in areas closer to the river (in exchange for economic compensation), prevented the river from drying up.
Current drought management in Spain

Drought management plans
The specific objectives of DMPs are: (a) to guarantee water availability required to sustain population life and health; (b) to avoid or minimise negative drought effects on the status of water bodies, especially on the environmental water flows, avoiding in any case, any permanent negative effects; and (c) to minimise negative effects on public water supply and on economic activities, according to the prioritisation of uses established by River Basin Management Plans. To meet these objectives, DMPs identify the most adequate mitigation measures for the different stages of a drought. During a normal phase, measures derive from regular management practices. As the drought progresses and a more critical situation takes place, types of measures go from control and information to conservation and restriction, prioritising uses.
The main contents of the DMPs are: drought diagnosis, a programme of measures and management, and a follow-up system. The drought diagnosis analyses and characterises historical droughts as well as lessons learnt, taking into account local and regional acquired knowledge and technical experiences. It also incorporates one of the most relevant elements of the plans: the indicators and drought phase definitions. A crucial and innovative aspect of DMPs in Spain is to establish an adequate link between basin drought status and actions to be taken. A DMPs programme of measures defines the different types of measures that can be applied in each area of the basin, according to the drought status. This programme consists of a catalogue of actions, ranging from enforcing demand reduction strategies to establishing a priority of users to allocate scarce water or approving emergency works (Garrote et al., 2007) . Their action methods and established measures must be applied once the interested parties have agreed upon them: administrations, civil society, scientific community, NGOs etc. The main mitigation measures included in the DMPs can be grouped into different categories: structural measures (new pumping wells, new pipes, greater use of desalination plants for public water supply and water reuse in agriculture …) and non-structural measures (changing the priority of the users, water conservation and demand reductions, increase in the use of groundwater, etc.). Last, the DMPs include a management and follow-up system that allows the analysing of the implementation of measures, using corrective measures in case the established objectives are not met.
DMPs have provided the basis for a more planned drought management in Spain, establishing drought phases and describing the measures that should be progressively applied, as well as the monitoring and follow-up processes needed. Knowledge and experiences gained in drought management in Spain have allowed for the current river basin management plans approved by Royal Decree in January 2016 to include DMPs as a relevant tool. This Royal Decree established that all the DMPs approved by order MAM/698/2007 will have to be reviewed before 31 December 2017. To carry out this review in a harmonised way, the Ministry of Agriculture, Food and Environment is drafting technical instructions, in particular for the hydrological indicators allowing the separate diagnosis of drought emergencies and water scarcity situations.
One of the deficiencies of the DMPs from 2007, still in force, is that they do not appropriately contemplate drought impacts on different economic sectors. For this reason, the afore-mentioned technical instruction will include criteria to evaluate these impacts in the different river basin districts. This means that the plans to be approved in 2017 will probably contain a homogeneous and adequate estimation of the economic impacts of droughts in the whole Spanish territory.
The National Drought Indicator System in Spain
The implementation of drought indicator systems allows drought situations to be anticipated and the seriousness they present to be assessed. They are also instruments of aid to decision making in the management of water resources in drought situations. Some advantages of the use of drought indicator systems are that: they allow an objective characterisation of the drought phases, making it possible to plan in advance measures and actions in each phase; they facilitate the progressive implementation of measures associated with the threshold values of the indicators; and they facilitate public participation and transparency. This objectivity is important to involve water users in decision making to mitigate the negative effects of drought, as well as to serve as a reference for the formal declaration of droughts (Arqued et al., 2013) .
The speed of action to minimise drought effects is a key issue, so the system of indicators used must be agile, simple and allow an adequate assessment of the problem. This means that the information used for the calculation of the indicators should be available in a systematic way and should not require complex data collection and calculation systems. This philosophy of using indicators that are simple, objective, give quick gain/understanding, and are able to describe the real situation has been implemented in Spain within the DMPs, connecting these indicators with progressive measures to mitigate adverse socio-economic and environmental drought impacts (Arqued et al., 2013) .
The current National Drought Indicator System consists of selected control points distributed throughout the Spanish river basin districts which include the following information: volume stored in surface reservoirs; groundwater in aquifers; river flows discharges; reservoir inflows and precipitations in those areas where they are significant in relation to the water resources availability to supply the main water demands.
From the values of the indicators in the selected control points in each water resources system, River Basin Authorities obtain, by different processes of aggregation (taking into account the importance of the supplied water demand), an index representative of the status of each water resources system defined in its territorial scope. This index has an important advantage over other meteorological and edaphic indices in the drought management of a water resources system because it is linked to the demands to be met and the water resources that are used to meet them. The standardised values of the indicator (ranging from 0 to 1) define the water resource drought status: normal, pre-alert, alert and emergency. A normal situation is associated with a better hydrological situation than mean values. Other levels are established to differentiate situations below the average and are useful to apply the different measures to mitigate the effects of droughts established in the DMPs.
All the data produced by the RBOs are sent periodically to the Directorate General for Water of the Ministry of Agriculture, Food and Environment, where a common database is kept, and reports with maps, graphs and statistics are published monthly on the Ministry's website (www.magrama.es). Figure 6 has been obtained using data from the National Drought Indicator System on the Ministry's website.
The system allows graphs to be drawn of the temporal evolution of the indexes for each water resources system. In Figure 7 
Measures in the DMPs to cope with droughts
The measures included in the DMPs are classified into three different types: strategic, tactical and emergency. Strategic measures are long-term actions as part of the programme of measures for the river basin management plans to be developed during normal phases, such as improving performances by increase of efficiency, incorporating new conventional and non-conventional resources, etc. Tactical measures are short-term actions activated at early warning and alert stages, such as small connections to activate alternative supply, changes in the management system, changes in demands, lower demand in compliance with environmental requirements, etc. Such measures are adopted when the 'pre-alert' situation of the system of indicators occurs. Emergency measures respond to droughts which are longer or more severe than expected, and when a reduction in the availability of water reaches an extreme situation. They must allow for the taking care of the urban supply and other priority water uses. Common measures of this phase are the construction of emergency wells, the establishment of restrictions on the water supply, prohibition of use, temporary modification of water rights, etc. Such measures are adopted when the system of indicators indicates the system is in emergency. Figure 8 shows this type of measures included in the DMPs in the context of the values of the indicators for each phase or status of drought and of the general objectives corresponding to each of these phases.
During the follow-up to a drought event, information generated by the National Drought Indicator System is used by administrations and stakeholders, under the supervision of the governing and management bodies of the RBOs, to apply the various measures of the DMPs. When information about the assessment of a drought situation becomes publicly available, and objective and clear, citizens -and in particular water users -perceive the need to adopt measures with greater confidence. A proper diagnosis communicated in an appropriate and sufficient way, facilitates voluntary conservation measures (Arqued et al., 2013) . 
Conclusions
The EU has been historically affected by droughts. One of the most effective EU policy tools on droughts was the Communication issued in 2007 from the European Commission to the European Parliament and Council entitled 'Addressing the challenge of water scarcity and droughts in the European Union'. Since 2007, actions to integrate water scarcity and droughts into sector policies have been undertaken by EU Member States, in particular efforts to reduce water consumption, develop drought warning systems and DMPs, and to adapt to climate change. The EDO has also been developed providing inputs for the continuous monitoring of drought indicators across Europe since 2011.
Within the EU, Spain is a country characterised by a high variability and uneven water resources distribution, with the Mediterranean coast and southeast region being the areas most affected by water scarcity and droughts, with consequent socio-economic and environmental impacts. In the past, this situation has led to large investments in hydraulic works. Today, Integrated Water Resources Management (IWRM) policies are applied, using conventional (surface and groundwater) and non-conventional resources in a sustainable way, integrating hydraulic works developed during the second half of the 20th century into current IWRM policies.
As is well documented, Spain has periodically suffered prolonged droughts. Recently, a Spanish research centre, CEDEX, has elaborated a catalogue of historical droughts from three different types of historical information: reconstructed precipitation series, works and historical climatology, and dendrochronological analysis. This catalogue clearly shows the negative impacts of droughts in Spain throughout history: poor harvests, scarcity of food, hunger, plagues, emigration and, more recently, restrictions to public water supply and especially to economic water uses with great losses in agriculture and in hydropower production.
Emergency actions have been traditionally applied in Spain to manage drought situations, with actions leading to increasing water resources by developing hydraulic works, especially wells for groundwater abstractions, as well as reinforcing the use of non-conventional water resources. The socio-economic and environmental impacts produced by the drought which occurred in the period 1990-95 allowed appropriate experiences to be derived that have resulted in what became the DMPs. Spanish drought management policies, in accordance with European policies and legislation, have evolved in the last few years from emergency actions to face crisis situations to a planning approach. This was translated into the designing of a National Drought Indicator System to foresee these situations and elaborate DMPs for the Spanish river basin districts.
An indicator system that allows the foreseeing of extreme situations, establishing levels or thresholds depending upon the degree of the drought, and consequently developing actions aiming to delay or impede critical situations has been developed. DMPs approved in March 2007 contributed to alleviating the negative effects of the last drought which occurred during the years 2004-2008, resulting in water conservation, avoiding public water supply restrictions and improving aquatic ecosystem protection. Thus, the economic, social and environmental impacts of this last drought were quite attenuated compared with the drought of the previous decade, without causing public alarm. DMPs must be updated in 2017 and are now being revised taking into account the experience acquired since their approval.
The high impacts of droughts in Spain have raised awareness in administrations that drought is a normal and recurring fact of climate variability, shifting the drought management policies from emergency management actions to a planned approach in the last years with a high level of stakeholder participation.
